Objective: This systematic review was carried out to determine the effectiveness of continuous isoniazid (given for at least 36 months) for the treatment of latent tuberculosis infection (LTBI) in people living with HIV (PLHIV).
Introduction
HIV infection is the strongest risk factor for tuberculosis (TB) disease in those with latent Mycobacterium tuberculosis (MTB) infection [1] . Isoniazid preventive therapy (IPT) is a key intervention for the prevention of active TB among people living with HIV (PLHIV) [2] , and is usually given for a period of 6 to 12 months [3] . However, the effectiveness of IPT in PLHIV in high burden TB settings may be limited to the period during which IPT is given, may have suboptimal efficacy in immunocompromised individuals [4] and does not protect against reinfection after therapy cessation [3] . Moreover, high rates of transmission and re-infection among PLHIV in settings with high prevalence of TB increase the risk of development of active TB [5] . In such settings, lifelong IPT may be beneficial for PLHIV.
We assessed whether providing IPT for at least 36 months to PLHIV reduced the risk of active TB compared with the standard 6-month course, and determined the impact of tuberculin skin test (TST) and antiretroviral therapy (ART) status. This study was undertaken to inform WHO guidelines for the delivery of IPT in settings with high prevalence of TB and HIV [6] .
Methods
Using a predefined study protocol, the following databases were searched: Medline via Pubmed, Embase, Global Health Library (Regional databases), Central (Cochrane Library) and TRIP. Ongoing trials were searched via the WHO International Clinical Trials Registry Platform. The reference lists of relevant articles were checked for additional studies. We further searched the abstract books from the following conferences: Conference on Retroviruses and Opportunistic Infections, International AIDS Society Conferences on HIV, Interscience Conference on Antimicrobial Agents and Chemotherapy and the International Union against TB and Lung Diseases. We limited the search period from 1 January 2005 to 1 May 2015, and restricted to English, French and Spanish.
We included randomized controlled trials (RCTs) that evaluated the effectiveness of continuous isoniazid compared with 6 months of isoniazid in adults living with HIV in preventing active TB. Article eligibility and data extraction were done in duplicate (S.D.B., A.M.), with risk of bias assessed using standard Cochrane methods.
The number of events of each prespecified outcome was compared between those receiving continuous isoniazid and those that received isoniazid for 6 months. For dichotomous data, a risk ratio with 95% confidence intervals (CIs) was calculated. We did fixed-effects metaanalysis for studies that were clinically and methodologically homogeneous using RevMan version 5. We explored heterogeneity between studies using the I 2 statistic and visual inspection of forest plots. We carried out stratified analysis based on TST results. We used GRADE to assess the quality of the evidence.
Results
From an initial screen of 1120 records, 49 articles were reviewed in full and three studies, from Botswana [7] , South Africa [8] and India [9] , were included for review ( Fig. 1 ). One study had a control group that received 300 mg isoniazid and 800 mg ethambutol for 6 months [9] , whereas in the other two studies the control group received 300 mg isoniazid for 6 months [7, 8] . In all the three studies, the intervention consisted of 300 mg isoniazid for 36 months. One study included only participants with TST greater than or equal to 5 mm and excluded those on ART [8] ; participants in this study had a higher median CD4 þ cell count at baseline (484 vs. 297 [7] and 325 cells/ml [9] ). The other two studies were balanced with respect to TST status at baseline [7, 9] .
Two studies required a positive TB culture to confirm TB disease [8, 9] , whereas the third defined confirmed TB as either a positive culture or two or more sputum smears positive for acid fast bacilli (AFB) [7] . Probable TB was defined as the presence of signs and symptoms with AFB in a sputum smear in one study [8] ; one sputum smear or biopsy specimen positive for AFB in another study [7] ; and clinical, radiographic, histopathologic or biochemical features in the third study [9] . Two studies had a category of possible TB based on clinical presentation and response to anti-TB treatment [7, 8] .
Adherence was not consistently defined or reported. Overall, study quality was rated as high. The main concern with respect to risk of bias was that two out of three studies were not blinded, which may lead to ascertainment bias [10] . In one study, there was a 2 : 1 randomization of 6 month vs. continuous isoniazid [8] .
Meta-analysis
Active TB was diagnosed in 41 (2.7%) of 1509 individuals in the continuous isoniazid group and 78 (4.7%) of 1659 participants in the control group. The pooled relative risk (RR) of incident TB was 0.62 (95% CI: 0.42-0.89). There was no sign of heterogeneity (I 2 ¼ 0%). There was a stronger protective effect of continuous isoniazid on those with a positive TST (RR 0.51, 95% CI: 0.30-0.86); conversely, in those with negative TST, there was no evidence of a difference (RR 0.73, 95% CI: 0.43-1.26) ( Fig. 2a ). In sensitivity analysis assessing confirmed TB results only, the protective benefit of continuous isoniazid was similar, but there was no statistical evidence of a difference. The number needed to treat to prevent one case of active TB was 50 overall, 28 for TST positives and 125 for TST negatives.
There was no difference in mortality risk overall (RR 0.87, 95% CI: 0.63-1.19) but continuous isoniazid reduced mortality by 50% in TST-positive individuals (RR 0.50, 95% CI: 0.27-0.91) ( Fig. 2b ). Heterogeneity was low (I 2 ¼ 0%). Numerically, there were fewer deaths due to TB in the continuous isoniazid group (4/1345) compared with the 6-month group (8/1333) but this was not statistically different (RR 0.52, 95% CI: 0.17-1.64). The quality of the evidence for the outcomes resulting in active TB and death was considered to be low.
Isoniazid preventive therapy and antiretroviral therapy
Two studies excluded those who were eligible for ART [9, 10] . In the third study few (2-3%) were on ART at enrolment; however, this increased to nearly 50% by month 36 [7] . In the short course isoniazid group, 360 days of ART led to a 50% reduction in TB incidence compared with participants who did not receive ART [adjusted hazard ratio (aHR) 0.50, 95% CI: 0.26-0.97]. In those with negative TST, continuous isoniazid plus ART did not reduce the incidence of TB much further (54% reduction, aHR 0.45, 95% CI: 0.16-1.30), whereas, in participants with a positive TST, continuous isoniazid plus ART led to a 96% reduction in TB incidence (aHR 0.04, 95% CI: 0.005-0.35) [8] . Owing to the fact that data on the interaction between IPT and ART came from only one study, and the ART data was observational, evidence for the efficacy of IPT coadministered with ART is considered to be of very low quality. Cotrimoxazole use was not described in any of the three studies.
Adverse events
Two studies reported a slight increase in the risk of adverse events in the continuous isoniazid group but this was not statistically different (India [9]: 2.4 vs. 1.2%, RR: 2.03, 95% CI: 0.83-2.30; Botswana [7]: 2.7 vs. 2.1%, RR: 1.26, 95% CI: 0.72-2.22). The third study reported grade 3 or grade 4 elevation in the aspartate or alanine aminotransferase level and provided strong evidence of more adverse events in the continuous isoniazid group (32 vs. 9.5%, RR: 3.41, 95% CI: 2.28-5.09) [8] . Metaanalysis was not performed due to clinical diversity. Temporarily or permanent discontinuation due to adverse events was much higher in one study [8] compared with the other two that showed no difference between the two groups [7, 9] . The pooled RR of discontinuation was 5.96 (95% CI: 4.12-8.62).
Risk of drug resistance development
One study reported resistance rates in both the continuous isoniazid and 6-month isoniazid group. This study found one case of isoniazid resistance among 164 (0.6%) receiving isoniazid for 36 months and 0 (0%) cases of isoniazid resistance among 327 receiving isoniazid for 6 months [8] . The other two studies reported that the observed proportion of resistant cases among confirmed TB cases was similar as the expected rate [7, 9] .
Discussion
Our systematic review and meta-analysis shows that in PLHIV in high TB transmission settings, continuous isoniazid reduced the risk of developing active TB by 38% compared with 6 months of isoniazid treatment. The effect was stronger in those with a positive TST (49% for active TB and 50% for death) but there was no evidence of a difference in those with negative TST. Based on the findings of one study, ART and IPT had additional effect in reducing TB incidence in TST positive but not in TST negative individuals.
There are several possible explanations for the fact that TST negative individuals did not have added protection over prolonged time on isoniazid treatment: first, we only had baseline TST data and some TST negatives may have converted to being TST positive; second, TST negatives may never have been infected by MTB, and they may have been had a lower baseline risk of infection; and last, there are cases of TB in TST negatives, most likely in people that were anergic, that is exposed to TB but unable to mount an adequate immune response to it [11] .
In settings with high TB incidence and transmission, 36 months of IPT or longer should be recommended in all adult HIV-infected patients receiving ART and with an unknown or positive TST result. TST should be encouraged whenever feasible, but it should not be a prerequisite for IPT. If TST is performed, those with a negative TST should not receive 36 months of IPT.
In moderate TB incidence settings 6 months of IPT is likely to be durable and sufficient to prevent active TB in HIV-infected individuals [12] . In high-burden TB settings, isoniazid for 36 months or longer should be seen as a proxy for lifelong isoniazid, particularly because the protective effect of IPT diminishes after completing 36 months of isoniazid treatment [8, 13] .
Publication bias is a concern for all reviews. We used a comprehensive search that included multiple databases and conferences sites across multiple languages; however, our search was limited to studies published in the last 10 years and in three languages, and it is possible that not all studies were identified. At the study level, there were some limitations that increased the risk of bias, most importantly that two out of the three included studies were not blinded. Detailed information on adherence was often not reported in the individual studies.
In conclusion, for PLHIV in settings with high TB prevalence and transmission, continuous isoniazid is beneficial and probably outweights the risk of adverse events, and the results of this review have supported a recent WHO recommendation to provide continuous isoniazid in these settings [5] . Further research is needed to define public health parameters to identify settings with high transmission of TB that would benefit from the implementation of continuous IPT, particularly in settings where ART is provided to all HIV-positive individuals irrespective of immune status.
